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@ A color printing control system and method.

@ The color printing control system has a color printer (58) »
and a microprocessor (14). The output of photocells (52a, ¢
52b, 52¢) which read color negatives is applied to the micro- . 20 e
processor (14) enabling it to calculate print time signals. 5:,,,,,,,,,, _E_{aj‘
These signals are applied to paddles (32, 34, 36) and move EprOM . 38
them into the light path of terminate light exposure. A print L2 e
test probe (59) coupled to the microprocessor (14) reads the y u
density of the prints and forms a feedback loop which allows 22 o mone)”
the microprocessor to adjust its internal values. Color bal- pe e =5

N ancing is performed without knowledge of paper characteris- 24 25 o (e 1% —EE

< tics and without operator setup calculations. Thisis achieved RAM . S —@’w
using the difference in density between a reference print and -
prints made by the system as a basis for calculating correc- 3

; tion factors which are a-pplie.d to such values as slope to B N[cssserre omve ] [ erc " su
cause subsequent print time signals to result in correct den- :
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A COLOR PRINTING CONTROL SYSTEM AND METHOD ,
This invention relates to the field of art of

systems which control color printing.
Color printing control systems are known in the

5 art. However, prior systems have been limited in that
they have usually required hand calculations by an
operator of the readings of the density infcrmation on
the prints, or they have required complicated printing
procedures such as ring-arounds, seven-button density

10 series, slope series, etc. The prior art has been
unable to achieve a fully automated system with a closed
feedback loop that operated with efficiency but without
a great deal of complexity. Prior computer controlled
systems have been extremely complicated and difficult to

15 set up and balance. On the other hand, noncomputer
controlled systems have left much to be desired in that
they have not provided adequate flexibility and simplic-
ity in setup which are necessary for today's multiplic-
ityIOf film types, print size, etc. A further objection

20 of prior color printing control systems has been that
they have generally not provided adequate first print
results or true color balance for negatives made under

tungsten or fluorescent light conditions.
A color printing control system for making color prints

25 from color negatives, according to the invention,comprises a color
printer, microprocessor and photocells for reading the

color negative. A plurality of paddles moves subtrac-
tive filters and shutters into the light path in re-
sponse to print time signals from the computer. The

30 printing times of these signals are computed from the
photocell readings of the red, green and blue -light
transmitted through the negative. These calculations
are based upon values stored in the computer memory
which have been determined during an automated setup

35 procedure. A print test probe coupled to the micro-
processor reads the density values of a print made from
a reference negative, and those of a correctly exposed
print of the same negative. If there is any difference,
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the microprocessor calculates from these readings a set
of correction factors which then permit it to make
correct prints from this reference negative, and there-

fore from any other negative.

Further, the microprocessor determines the
proper relationship between light transmission through
the negative and proper print time signals for under and
overexposed negatives to compensate for the non-linear
relationship which exists (known as "slope"). This is

done by making prints of an over and an underexposed
negative, and comparing these prints with the correctly

exposed prints. The microprocessor uses the differences
to calculate a new slope characteristic which will
produce proper prints without data on the characteris-
tics of paper used. The procedure is performed using
one set of moderately over and underexposed reference
negatives, and again with a set of extremely over and
underexposed negatives. Thus a four-segment slope
characteristic is derived which provides proper correc-
tion for both moderately and extremely incorrect nega-
tive exposures. NoO operator setup calculations are

required.

There is still further provided, a méthod of
printing negatives that have a color predominance, where
the conventional “"integration—-tc-gray" method would
print incorrectly. The color content of the negative is
analyzed, and when a color predominance is detected the
printing color balance is modified accordingly. In-
cases where the color analysis indicates the possibility
of an exposure under tungsten light, for which normal
outdoor film is not properly balanced, an operator
prompt is shown so that the operator can decide whether
the picture seems to be one taken under tungsten illumi-
nation. If so, a tungsten color correction is added to
give accurate color kalance in the print. A similar
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procedure is followed for flucrescent light illumina-

tion.

Fig. 1A is a block diagram of a color printing
control system in accordance with the invention
described.

Fig. 1B is a chart of a four segment time

versus density slope curve.

Fig. 2A is a flowchart of the general balancing

procedure used in the invention of Fig. 1lA.

Fig. 2B is a flowchart of the general print
cycle performed by the invention of Fig. 1lA.

Figs. 3A-B taken together form a flowchart of
the detailed initial setup and balancing procedure

used in the invention of Fig. 1lA.
Figs. 3C-D taken together form a flowchart of

the detailed print cycle performed by the invention of
Fig. 1A.

General Description of System 10

A block diagram of a preferred embediment of a
color printer system 10 is shown in Fig. 1A. Color
printer system 10 includes a conventional color printer
58, a microprocessor 14, eraseable programmable read
only memory (EPROM) 23, a random access memory (RAM) 24
interconnected by a means of bus 22, an A/D converter
44, a multiplexer 42, operational amplifiers 40a-c, and
a print test probe 59. Test probe 59 reads color prints
and transnits density readings directly to the control
circuitry through multiplexer 42. Time controller chip
(CTC) 19 provides microprocessor 14 with real time
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interrupts and cassette drive 28 is used to store data
base information. This data base information passes
between cassette drive 28 and RAM 24 where it is stored
when being used, by means of bus 26, microprocessor 14
and bus 22. Pisplay 16 and keyboard 18 are connected to
microprocessor 14 by means of bus 20. Using display 16
and keyboard 18 the operator may communicate with color
printer system 10.

Within cclor printer 58, negative 46, in a
negative mask 48, is placed above lamphouse 50. Lamp-
house 50 contains an illumination source and the illumi-
nated negative is focused through lens 54 onto the paper
which is to be exposed. Paper transport 56 controls the

movement of this paper. The light which is transnitted
through negative 46 strikes photocells 52a-c which

determine how much red, green and blue light respective-

ly is transmitted through negative 46.

\ The outputs from photocells 52a-c are amplified
by means of operational amplifiers 40a-c. The outputs
of amplifiers 40a-c and densitometer 59 are multiplexed
by multiplexer 42 and applied to A/D converter 44. A/D
converter 44 supplies microprocessor 14 with digital
information of the output of photocells 52a-c and probe
59 by means of bus 12.

Cyan paddle 32 includes a cyan filter which
blocks cyan light while allowing other frequencies of
light to pass. This cyan filter may be moved between
lamp housing 50 and the paper which is being exposed
thereby terminating cyan exposure. Similarly, magenta
paddle 34 and yellow paddle 36 may be used to terminate
magenta exposure and yellow exposure respectively. Dark
shutter 38 is used to completely block any light from
striking the paper. EPROM 23 and RAM 24 contain algo-
rithms and data which allow microprocessor 14 to make
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calculations based upon the output of photocells 52a-c
and to make determinations as to when to activate
paddles 32, 34, 36 dark shutter 38 and paper transport
56. Microprocessor 14 exercises control over these
devices by means of bus 31. Bus 31 includes conven-

tional address decoders.

General Description of Color Balancing Procedure

In the color balancing procedure shown in Fig.
2A, color printer system 10 adjusts the print times
which will be used to produce color prints from a stan-

dard reference negative. The objective is to produce

prints with the same red, green and blue densities as a
standard reference print. Additionally, the procedure
adjusts various constants which will be used as correc-
tion factors to compensate for the non-linear relation-
ship between density and time when under and overexposed
negatives are processed. The operator of color printer
system 10 performs the balancing procedure when system
10 is installed and periodically when any of the print-
ing or processing conditions have changed. A major
purpose of this balancing procedure is to automatically
develop proper slope corrections. A graphic representa-
tion of the slope characteristics are shown in Fig. 1B.
Each of the three primary colors red, green and blue has
its own independent density slope similar to the one
shown in Fig. 1B. However, the theory involved in slope
correction is identical for each of the three colors and
the balancing procedure to be described will be the same

for each.

Since a small amount of light from sources
external to the printer will leak into color printer 58
and affect the photocell readings, an ambient light

offset factor is developed in block 80 by turning the
light source in lamphouse 50 of Fig. 1A off while
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readings are taken using photocells 52a-c. The outputs
obtained from operational amplifiers 40a-c are stored in
RAM 24 until the print is made. These ambient light
values are then subtracted from the photocell readings
when prints are made. This procedure thus eliminates
the effect of external light which leaks into color
printer 58.

In block 82 of Fig. 2A, five standard reference
negatives are read using color printer 58 shown in Fig.
1A. The first is a normal reference exposure which is
assumed to be a correct exposure. The remaining four
negatives represent varying degrees of overexposure and
underexposure. They are an overexposed reference
negative, an underexposed reference negative, an
extremely overexposed negative, and an extremely under-
exposed negative. Three readings are made for each of
the five negatives, one for the amount of the red light
detected by the photocell 52a, one for the amount of
green light detected by photocell 52b and one for the
amount of blue light detected by phctccell 52c. There-
fore, a total of fifteen A/D readings are taken as a
result of the operations performed in block 82. These
digital values are related to the quantity of red, green
and blue light transmitted through the negatives because
they represent the integrated output of the photocells.
These fifteen readings are stored in the data base which

has been loaded from cassette drive 28 and 1is stored in
RAM 24. These readings are used to establish reference
points 60, 64, 68, 72 and 76 of Fig. 1B.

The reading of the normal reference negative is
used to establish center reference point 68, the reading
of the overexposed reference negative is used to estab-
lish reference point 60, the reading of the underexposed
reference negative is used to establish reference point

72, and the reading of the extremely underexposed negat-
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ive is used to establish reference point 76. These
reference points are used to determine the slopes of
segments 62, 66, 70 and 74 of the four segment slope of
Fig. 1B.

Block 84 shows a test used to assure consistent
prints. In this test three prints are made of a normal
reference negative. These prints are compared visually
for consistency. One of them is used for a comparisoh

with a reference print below.

In block 86 two réadings using print test probe
59 are made. Print test probe 59 is a light scurce and
light sensing device such as a densitometer. 1Its output
is connected directly to processor 14 by way of multi-
plexer 42, converter 44 and bus 12. When a print is
placed under probe 59 and the amount of red, green and
blue light reflected off the print is measured, the

| operator depresses keys on keyboard 18 to automatically

enter that data into RAM 24.

The first print read by probe 59 is a standard
normal reference print. The computer attempts to make
all production prints look like this reference‘print.

It does this by cohtrolling paddles 32, 34‘and 36 td
cause the density for each color in the production print
to equal the corresponding density in this normal‘
reference print. Having stored in its data base in RAM
24 the amount of red, green and blue reflected from the
reference print and detected by the probe of light
sensing head 59, the computer is now prepared to accept
the readings of head 59 for the second print. This is
one of the prints of the normal reference negative which
was made in block 84. This print, because it is made
from a reference negative assumed to be correct, should
generate the same density readings as the reference

print. The operator places this second print under test
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probe 59 and depresses the transmit button. This causes
the output of test probe 59 to be directly read by
printer system 10.

The corresponding red, green and blue density
readings of the two prints are then compared by micro-
processor 1l4. The density difference for each of the
three colors is calculated. On the basis of this infor-
mation, microprocessor 14 calculates new print times as
necessary for each of thg three colors. The first step
in this calculation of the new print time is the devel-
opment of a multiplication factor which is then applied
to the old print time for the appropriate color. This
multiplication factor can be expressed as the natural
log e raised to the power negative gamma times the delta
density where gamma is the standard proportionality
constant related to the density characteristics of the
printing paper being exposed and the delta density is a
proportionality constant related to the density
difference between the two prints read by test probe 59.
This density difference is related to the density of
the reference print minus the difference of the print
made from the normal reference negative. EPRCM 23 and
RAM 24 contain algorithms and data which allow micro-
processor 14 to make a first order approximation of this
multiplication factor. Due to the feedback made
possible by print test probe 59 color printer system 10
does not require knowledge of gamma or other paper
characteristics. Any approximations or incorrect
assumptions are automatically corrected by iterating
blocks 84 and 86.

Therefore, the amount of time before paddles 32,
34 and 36 are moved into the light path changes as
necessary in block 8¢ in order to cause the density of
the print made from the ncrmal reference negative to
equal the density of the reference print thus causing a
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proper negative to produce a proper print. This is an
iterative learning process for prihter system 10, If
adjustments of print times were made in block 86 a new
print is made from the normal reference negative. Block
86 is then repeated for this new print and the compar-
ison is made between the density readings of the
reference print and this new print.

While block 86 causes normal prints to be made
from normal negatives, block 88 causes normal prints to
be made from underexposed and overexposed negatives. In
block 88 prints are made of the five reference negatives
described in block 82. These prints are placed under
print test probe 59. As each print is placed under
probe 59, the operator pushes the transmit button
causing the printer to automatically receive and store
the density of red, green and blue light in each print.
Microprocessor 14 will then recalculate reference points

-60, 64, 72 and 76 by applying the multiplication factors

developed from the density differences. This process is
repeated until the underexposed and overexposed nega-

tives yield normal prints.

Reference points 68 and 64 are then used to
determine the slope of segment 66 of Fig. 1B. This is
the slope correction which is used when the density of a
production negative falls between the normal density and
the overexpo;ed density. Using this slope information,
a correction characteristic is developed. During a
production run, if a density is determined to fall in
segment 66, the normal print time will be multiplied by
this slope correction factor. Likewise, reference
points 68 and 72 are used to determine the slope correc-
tion factor for an underexposed negative. If a produc-
tion negative is determined to have a density in segment
70 a correction factor determined by this slope will be
applied to the print times of that negative. Similarly,
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slope correction factors developed for segment 62 are
developed using reference points 64 and 60 and for
segment 74 using reference points 72 and 76. By adjust-
ing the reference points, these internal factors or
constants of the control algorithm have been automati-
cally adjusted in such a way as to cause normal prints
to result from underexposed and overexposed negatives
without any intuitive judgement or adjustment by the
operator. The objective is, of course, to cause the
density of the prints made from all of these negatives

to be equal to the density of the reference print.

General Description of the Print Cycle

Fig. 2B shows a flow chart of the print cycle.
This cycle is executed when a negative 46 is placed upon
negative holder 48 in order to make a print. If there
is a manual override, as determined in diamond 90,
execution proceeds directly to the density correction of
block 112. Otherwise the operator may read the ambient
light offset to compensate for changes in ambient light
in block 92. This procedure is the same as described in
block 80 of Fig. 2A. During normal producticn prints
there will be normal lighting around the machine. This
normal lighting may change from day to day or at differ-
ent times during the day. Thus, the operator may re-
quest new offsets to be calculated as often as desired.
This request is entered using keyboard 18. The amount
of offset calculated will be subtracted from the sub-
sequent photocell readings in order to compensate for
the ambient light.

In block 94, the illumination source in lamp-—
housing 50 is activated and the red, green and blue A/D
values are read from photocells 52a-c using color
printer 58 of Fig. 1lA. The linear print times for each

color are determined based primarily on these values.
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The linear print times calculated are the normal refer-
ence print times developed in the balancing procedure
adjusted by a series of correction factors as necessary.
These corrections include light intensity ratios, a
master correction, tungsten, fluorescent, and a slope
correction.

The light ratios are determined separately for
each of the primary colors red, green and blue. The
ratio for the red light is the ratio of the A/D output
of red photocell 52a taken in block 94 to the A/D read-
ing obtained from photocell 52a when the normal refer-
ence negative was read in block 82 of the balancing
procedure. This ratio will be multiplied by the normal
red print time in order to get the linear component of
the print time correction. Similarly, ratios will be
developed for green and blue print times,

Block 96 shows the master correction factor.
This correction factor takes into account everything in
color printer system 10 from the light source through
the densitometer reading of the print. It compensates
for such things as the aging of the lamp, chemistry
changes and dust. The operator may request that a
master correction factor be calculated as necessary
using keyboard 18. If some negatives are printed
correctly and others are not, the operator will perform
the balancing procedure in Fig. 2A. However, if there
is a systematic problem which appears in all prints the
operator will request a calculation of the master
correction factor. The result is stored in memory and
when block 96 is executed it is multiplied by the linear

print times.

In the next step, block 98, color predominance
is corrected using integration to gray. In this method
the assumption is made that all normally exposed nega-
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tives will have the same amount of red, green and blue
as the reference negative. Thus, if the difference
between the A/D readings of block 94 and those stored
for the normal reference negative is above a certain
limit, a color predominance is det:ected. To make the
correction for this color predominance the light ratios
developed in block 94 are multiplied by the reference
print times.

A predominance of yellow may be due to the use
of a tungsten filament lightbulb. If such a yellow
predominance is detected the printer will inquire of the
operator, using display 16, whether a tungsten correc-~
tion should be performed as represented in diamond 100.
By visual inspection of negative 46, the operator can
determine whether the predominance detected is due to
tungsten or some other factor. If the predominance is
due to tungsten, the operator will enter yes, using
keyboard 18, and a special tungsten correction will be
executed in block 102. This correction is a fixed
amount that has been empirically determined to be
appropriate for a tungsten filament lightbulb which is

added to the adjusted normal reference print time.

Similarly, a predominance of blue/green may be
due to fluorescent light. As in the case of the yellow
predominance for the tungsten correction, color printer
system 10 will inquire of the operator whether a fluor-
escent correction should be made in diamond 104 when
such a predominance of blue is detected. If the
operator response is yes the fluorescent correction of
block 106 is executed. Again, a fixed empirically
determined correction is added to the adjusted normal

reference print time.

In block 110 the non-linear portion of the
density correction is performed. When the 1light in
lamphouse 50 is transmitted through negative 46 of Fig.
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1A, printer system 10 can determine the amount of light
transmitted by integrating the output of the photocells
52a-c., If too little light is transmitted by the nega-
tive, the paper must be exposed longér. 'To the first
approximation there is a 1inear'relationship between
density and time. For example, if there is 50% too much
light transmitted the paper should be exposed 50%
shorter. This is the correction made in block 98 using
the ratios of block 94.

However, this relationship is not exactly
linear. Therefore a slope correction must be made.
This correction is made in block 110. The slope correc-
tion used is an application of one of the constants’
adjusted in block 88 of Fig. 2A. The appropriate
constant will be selected by determining which segment
of Fig. 1B is applicable.

The operator of color printer system 10 may
visually detect that a roll of film or a particular
negative has an improper color. This may be due to such
things as storing the film outside its temperature range
for a long period of time. When this is detected, the
operator may request appropriate color corrections using
keyboard 18. 1In block 112 color printer system 10 will
determine if any such requests have been made and if sd
make the requested corrections. If there is a manual
override, as determined in diamond 90, execution will
proceed directly to this block.

At this point, all of the appropriate correc-
tions have been made to the print times. In block 114
microprocessor 14 opens dark shutter 38, activates the
illumination source in lamphousing 50, activates paddles
32, 34 and 36 when appropriate, and closes dark shutter
38. Paper transport 56 is then activated by micro-
processor 1l4. This causes the paper to be advanced and
cut. The exposure times are displayed using display 16.
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Detailed Description of Setup Procedure

Figs. 3A and 3B show a flow chart description
of the initial setup procedure. This procedure is run
when the machine is first installed and from time to
time thereafter as desired. The balancing procedure
described in Fig. 2A is a subset of this procedure and
an expanded description of it is also shown in Figs. 3A
and 3BE.

The first step in this initial setup procedure
is an adjustment of the gains of operational amplifiers
40a-c of Fig. 1A. This step is shown in blocks 116 and
118. These operational amplifiers amplify the output of
photocells 52a-c and apply this amplified output to A/T
converter 44 by means of multiplexer 42. These gains
are adjusted by means of three potentiometers. The
primary objective of these adjustments is to prevent
operation of A/D converter 44 from approaching its
saturation range. Another objective is to achieve equal
outputs from the three photocells as applied to A/D
converter 44 by multiplexer 42. It is important to be
approximately in the middle of the operating range of
the A/D converter and to have equal red, green and blue
outputs because this is the information upon which all
control is based. To make the adjustment in block 116
the illumination source in lamphouse 50 is activated.
Microprocessor 14 reads A/D converter 44 and displays
these values to the operator on display 16. The
operator will adjust the potentiometers until equal
output at the optimum point of the operational range

of A/D converter 44 is achieved.

Further adjustment of the photocell output is
made in block 118. 1In this adjustment the illumination
source in lamphouse 50 is deactivated and the offsets of

the operational amplifiers are adjusted to assure a
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proper base lines. These base line adjustments are also
made using three potentiometers. Once the system is thus
assured of reliable readings of the negatives the
balancing procedures can be begun. A detailed descrip-

tion of this procedure begins at block 78.

In block 80 the ambient light offset readings
are taken. Since this balancing procedure is done in
minimum light conditions, that is the lighting around
the printer is turned off, this offset will be small.
The amount of light leaking into the printer and
striking the photocells will be stored in order to be
subtracted from future photocell readings.

Block 82 shows a reading of the five reference
negatives. These five reference negatives are the
normal reference, the overexposed reference, the under-
exposed reference, the extremely overexposed, and the

Aextremely underexposed. The overexposed and the under-
exposed negatives are incorrect by approximately two

f-stops.

¥hen the illumination source of lamphouse 50 of
Fig. 1A is transmitted through negative 46, three
readings are taken by photocells 52a-c, one for red, one
for green and one for blue. These fifteen readings are
used to determine reference points 60, 64, 68, 72 and 76
of the four segment slope of Fig. 1B. They are entered
into the data base stored in RAM 24 for the appropriate

setup.

Each different type of paper, size of paper and
film speed requires its own group of data items called a
setup. There are thus many different setups. Each
setup contains approximately 52 data items. These 52
internal values include the initial values of reference

print time and slope correction factors. When a print

0119941
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is to be made the operator requests, from cassette drive
28, the setup which is appropriate to the given re-
gquirements. The data items in this setup are then
stored in RAM 24. These internal values are then used
to obtain the proper prints for that printing session.
During the balancing procedure these data items are
modified. This procedure is performed as necessary for
a given setup whenever it appears to the operator that

prints made using that setup are not correct.

The format of a data base setup is shown in
Table 1. The three readings taken for the normal
reference in block 82 can be seen at data 44, data 45,
and data 46. These data items are the A/D readings of
reference negative obtained from red photocell 52a,
green photocell 52b, and blue photocell 53c respective-
ly. Similarly, the three readings for the overexposed
reference negative can be seen at data 47, 48 and 49,
and the three readings for the overexposed reference

negative can be seen at data 50, 51 and 52.

Each of the readings represents a reference
point on one of the three different four segment slopes,
an example of which is represented in Fig. 1B. Fig. 1B
shows a graph of the non-linear print time versus
density slope. Each of the three primary colors will

have its own independeﬁt graph.

Thus in block 82, microprocessor 14 uses algo-
rithms contained in EPROM 23 to determine initial values

for the reference points shown in Fig. 1lBE. After some
adjustments, these reference points will determine the

slopes which establish the adjusted print time signals
necessary to correct underexposed and overexposed prints
during production runs. It can be seen in Fig. 1B that

the print time versus density is non-linear. It is

. therefore approximated using four segments. These
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segments are: segment 74 which is used to correct
extremely underexposed negatives, segment 70 which is
used to correct underexposed reference negatives, seg-
ment 66 which is used to correct overexposed reference
negatives, and segment 62 which is used to correct
extremely overexposed negatives. These segments are
defined by the five reference points shown, each of
which is obtained from one of the readings of each of
the five reference negatives made in block 82.
Reference point 68 in the center is the reference point
associated with the standard normal reference negative.
This is the negative which is defined to be correct.
Reference point 72 is the reference point associated
with the readings taken of the underexposed reference
negative. Reference point 64 is the reference point
associated with the overexposed reference negati&e.
Reference point 76 is associated with the extremely

'underexposed negative, and reference point 60 is

associated with the extremely overexposed negative. By
breaking the graph of density versus time into four
segnents, it is possible to print negatives over a wide
exposure range more accurately. Furthermore, it is
possible to do this without requiring the expertise or
judgement of the operator. Color printer system 10 can
merely determine in which of the four regions the
productioﬁ negative falls and make the proper adjust-
ments automatically.

In block 84 three prints of the normal reference
negative are made. One of these prints will be used for
comparison with the reference print below. These three
prints are checked visually by the operator for consis-
tency of density and color balance. Additionally, the
operator will check the print times for each of the
three colors, red, blue and green. The print times used
will be displayed by the printér on display 16. Since

this procedure is done under minimal light conditions,
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the three print times displayed should be within one A/D
count of the print times stored in the data base. If
either of these conditions are not met the operator must

restart the balancing procedure.

The steps defined generally by dotted line 86,
containing blocks 119, 120, 122, 124 and diamond 126 are
an expanded view of block 86 of Fig. 2A. The first of
these, block 119, shows the print density readings
necessary for calculating the corrections which must be
applied to the reference points and the print times in
the data base in order to rebalance the set up. This is
an iterative process. One of the reasons that an itera-
tive process is used to cause these parameters to
approach their correct values is the possibility that
these corrections will overshoot. This is one of the
reasons that a great deal of intuition and experienced
judgement is required to manually correct color im-
balance. To make the first set of print test probe
readings the operator places the standard reference
print under print test probe 59 and red, green and blue
densities of the reference print are automatically
communicated to microprocessor 14 by a means of nulti-
plexer 42 and A/D converter 44. The same is done for
one of the prints made from the normal reference

negative in block 84.

The next step, shown in block 120, is the deter-
mination of a correction factor based upon the differ-
ence between the density readings of the reference print
and one of the print made from the normal reference
negative in block 84 for each of the three primary
colors. 1In this step, microprocessor 14 will calculate
the density difference between the two prints by sub-~
tracting the density of the print of the normal refer-
ence negative from the density of the reference print

for each color. This multiplication factor can be
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expressed as the natural log base e raised to the power
negative gamma times the delta density where gamma is
the standard proportionality constant related to the
density characteristics of the printing paper being
exposed and the delta density is a proportionality
constant related to the density difference between the
two prints read by test probe 59. This density differ-
ence is related to the density of the reference print
minus the density of the print made from the normal
reference negative. EPROM 23 and RAM 24 contain algo-
rithms and data which allow microprocessor 14 to make a
first order approximation of this multiplication factor.
Due to the feedback made possible by print test probe

59 color printer system 10 does not require knowledge of
gamma or other paper characteristics. Any approxima-
tions or incorrect assumptions are automatically
corrected by iterating blocks 84 and 86. If the
densities are exactly equal, the multiplication factor

will be unity.

These correction factors are applied to be
reference point 68 of the print time versus density
graph of each color in block 122, They are also applied
to the print times of the normal reference negative for
each color in the step shown in block 124. These values
start at some approximation supplied to the user on a
cassette. By performing the operations in block 124
these values are caused to become correct for the par-
ticular color printer, film, etc. The appropriate cor-
rection factors.for the red, blue and green print times

will be applied in this step.

The ultimate objective of the steps defined
generally by dotted line 86 is to obtain a print from a
normal reference negative which is identical to the
reference print as determined by readings of print test
probe 59. 1In diamond 126 the probe readings of block 119
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are compared. If the difference is not within an
acceptable range execution will return to block 84 in
order to make a new print from a normal reference nega-
tive using the new reference point and print time. This
process will be repeated as necessary causing successive
adjustments until the prints are within tolerance.

Having learned how to make a correct print from
a correct negative, the printer now learns how to make
correct prints from underexposed and overexposed nega-
tives. This process is depicted within dotted line 88
of Fig. 3B, Blocks 128, 130, 132, 134, 136, 138 and
diamond 140 are an expanded representation of block 88
of Fig. 2. The first step in this process is to make
prints of the five negatives which were read in block
82. These are the normal reference, the overexposed
reference, the underexposed reference, the extremely
overexposed and the extremely underexposed. The

printing of these negatives is shown in block 128.

In block 130 print test probe readings of each
of these prints are made and stored in the data base in
RAM 24. The objective is to adjust the reference points
and print times of the four incorrectly exposed nega-
tives in such a way as to produce prints of the four
negatives which yield the same density readings as the

print of the normal reference negative.

In block 132 the density difference correction
factors are calculated in the same fashion as the
density difference calculations in block 120. Three
such correction factors are determined, one for each
color. These three calculations are performed for each
of the four negatives. 1In blocks 134 and 136 these
correction factors are applied to reference points 60,
64, 68, 72 and 76 and to the print times for each of the
four negatives. These new reference points are used to
adjust other internal values.
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Once the reference points have been adjusted the

current or present values of density slope are replaced
with adjusted values of density slope. The slope calcu-
lation involved is the standard m = delta y/delta x.
For example, to determine the slope of segment 70 of
Fig. 1B, the density cocrdinate of reference point 72 is
subtracted from the density coordinate of reference
point 68. The time coordinate of reference point 72 is
then subtracted frcm the time coordinate of reference
point 68. The former value is then divided by the later
value. This process will be repeated for the red, the
green and the blue reference points. The results are
the adjusted print time versus density slopes. They
will be stored at data 19, 20 and 21 of Table 1. The
same procedure will be performed for segment 66, and the
results will be stored at data 16, 17 and 18 of Table 1.
This process is repeated for segments 62 and 74.

In diamond 140 a determination is made whether

the densities of the prints made from the various under-

exposed and overexposed negatives which were-made in //,//“~””

block 128 are within the desired tolerance of the

density of the print made from the normal reference
negative. If they were not, a return to block 128 will
be executed and the process will be repeated. This is

continued until the densities are within tolerance.

The final step in the balancing procedure, block
142, is reading of the ambient light offset. This
involves the same process as was described in block 80
above. At this point the lights are turned on and an V
ambient light offset is requested. This value is stored
in memory and is used when the print cycle is executed.
However, the operator may at the time of the execution
of the print cycle elect to have another ambient light
offset calculated in order to take into account the
ambient light at the time of that print session, as

often as necessary.
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Detailed Description of the Print Cycle

Figs. 3C and 3L show a detailed description of
the flow chart of the print cycle. There may be times
when the operator will desire to make a print using
judgement after visual examination of the negative. 1In
such cases the operator may override all the correction
factors to be described below. In diamond 90 a deter-
mination is made whether the operator has requested a
manual override. If the answer is yes, execution
proceeds to the density correction of block 112. Other-
wise the operator may at this point elect to make an
ambient light offset reading as seen in block 92. The
operator will elect to make this ambient light offset
reading whenever lighting conditions around the printer
change. This reading is the same as was described in
blocks 82 and 142. The amount of offset detected will

be subtracted from the photocell readings in order to

compensate for the ambient light.

~~ — T

- In 6I33k\94 the illumination source in lamp-

housing 50 is activated and light is transmitted through
negative 46. The amount of red, green and blue light
transmitted is detected by photocells 52a, b, ¢ respec-—
tively. The output of photocells 52a-c is amplified by
operational amplifiers 40a-c and multiplexed by multi-
plexer 42. The output of multiplexer 42 is read by A/D
converter 44 and microprocessor 14 makes readings of
the output of A/L converter 44 by means of bus 12.
Thus, these readings made by microprocessor 14 are
related to the amount of red, green and blue light
transmitted through the negative 46. EPROM 23 and RAM
24 contain algorithms and data which enable micro-
processor 14 to make calculations based upon these A/D
readings. These calculations inveclve developing ratios
of the various amounts of light to each other. These

ratios will be used to calculate the linear component of
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the print time signals and to determine whether a color

predominance exists.

" The linear print times are corrections of the
reference print times contained in the data base which
is in RAM 24. The print time signal for each color is
inversely proportional to the light of that color which
is transmitted by negative 46. For example, an over-
exposed negative will transmit less light and therefore
will require a longer print time in order to print
correctly. Thus, a ratio of the amount of red light
transmitted by the production negative to the red light
transmitted by the reference negative is multiplied by
the normal print time of red in order to make this
correction. However, in block 94 only the ratios are
calculated, the application of these ratios to the print
‘times may be suppressed later. Similar ratios are

developed for green and blue light.

Block 96 shows the master correction factor.
This correction factor takes into account everything in
color printer system 10 from the light source through the
measuremnent of a test print. The operator may
request that a master correction factor be recalculated
as necessary using keyboard 18. If some negatives are
printed correctly and others are not, the operator will
perform the balancing procedure as shown in Fig. 22 and
Fig. 3A. However, if -there is a systematic problem which
appears in all setups, the operator will request a
calculation of the master correction factor. 1In block
96, this master correction factor is retrieved from RAM

24 and applied tc the current production print times.

In order to determine the master correction
factor the density of a print of the normal reference
negative and the density of a standard reference print

are compared as in block 86. However when this correc-
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tion factor is calculated from the density difference it
is not applied to any of the internal values. It is
stored in RAM 24 and applied to negatives falling in all
of the segments of Fig. 1B regardless of which setup is
used.

In block 98, color predominance is detected.

Using microprocessor 14 and algorithms and data contain-
ed in EPROM 23 and RAM 24 color printer system 10 will
determine whether the amount of red green and blue light
transmitted by the production negative is approximately
equal to the amount of each color transmitted by the
normal reference negative. This determination is nmade
by examining the light ratios calculated in block 94.

If these ratios are within certain predetermined limits
the standard "integration-to-gray" method will be used.
Execution will proceed from color predominance detection
block 98 to the slope correction block 110. If these

ratics are within other predetermined limits, ratic will
be made using a color correction of the print times to

permit the print to have a proper color balance.

A predominance of yellow light may be due to the
use of a tungsten filament lightbulb. If such a yellow
predominance is detected the printer will inquire of the
operator using display 16 whether a tungsten correction
should be performed as represented in diamond 102. By
visual inspection of negative 46 the operator can deter-
mine whether the predominance detected is due to
tungsten or to some other factor. If the predominance
is due to tungsten the operator will enter yes using
keyboard 18 and a special tungsten correction will be
executed in block 102. This correction involves the

addition of the empirically determined fixed amount.

Similarly, a predominance of blue/green may be

due to fluorescent light. As in the case of the yellow
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predominance for the tungsten correctioh,vcolor printer
system 10 will inquire of the operator in diamond 104
whether florescent correction should be made when a
predominance of blue/green above an empirically deter-
nined value is detected. If the operator's response is
yes, block 106 is executed. Again, a fixed empirically
determined correction is added.

To the first approximation the relationship
between the density and the print time is linear and the

color correction of block 98 is adequate to the extent
of this linearity. However, the relationship between

density and time is not exactly linear. Therefore a
non-linear or slope correction must be made. This
correction is made in the steps defined generally by
dotted line 110 of Fig. 3D. These steps are an expanded
description of block 110 of Fig. 2A, the slope correc-
tion step. The appropriate correction will be selected
by determining which segment of Fig. 1B is applicable.

Inside dotted line 110, the linear time of the
test negative is compared against three other values of
time. In diamond 144 it is compared against the time
of the underexposed reference negative. In diamond 150
it is compared against the time of the normal reference
negative, and in diamond 152 it is compared against the

time of the overexposed reference.

In diamond 144, the time of the test negative
(Tn) is cbmpared against the time of the underexposed
reference point (Turp)' If the time of the test
negative is less than the time of the underexposed
reference point, execution will proceed to blo¢ck 154,
This will be the case whenever a test negative falls in
segment 74 of Fig. lB. The slope correction for test
negatives falling in this segment as shown in block 154
is:

T =T =
u

b (T, - T,)

Sv4
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where Tp is the print time which is being calculated,
Tu is the print time for the underexposed reference
negative, S74 is the slope which was calculated for
segment 74 in block 138 of Fig. 3B. Tn is the linear
print time calculated thus far for the test negative.

If Tn is equal to Turp' the slope calculated
for segment 70 of Fig. 1B is used. This is shown in
block 146. This correction is:

Tp = Tn - S70 (Tn - Tu)
where Tn is the print time for a normal reference
negative and 870 is the slope calculated in block 138
for segment 70. If the time of the test negative is
greater than the time of the underexposed reference
negative, then the test negative will fall into one of
the other three segments. TLCiamonds 150 and 152 will be
used to determine which.

In diamond 150, the time of a test negative is
compared to the time of the normal negative. If the
time of a test negative is less than or equal to the
time of the normal reference negative block 148 will be
executed. This is the region between a normal reference
negative and an underexposed reference negative, that
is, segment 70 of Fig. 1lB. The calculation for the

print time of negatives falling in this range is:

Tp = Tn - S70 (Th - Tn)'

This calculation is the same as the one performed in
block 146.

In diamond 152, the time of the test negative
is compared against the time of the overexposed

reference negative. Using this test, the algorithm
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will determine whether the test negative falls into
segment 62 or 66. If the time of the test negative is
less than or equal to the time of the overexposed
negative, the test negative falls in segment 68 and

execution proceeds to block 156. This calculation is:

Tp = Tn + 366 (Tn - Tn)

where S66 is the slope calculated in block 138 for

negatives falling in region 66.

If the time of the test negative is greater
than the time of the overexposed negative, execution
will proceed to block 158. The correction calculated

in this block is:

Ty = Torp = Sgp (Tp = To)

~ where To is the print time for the overexposed

reference negative and S is the slope correction

62
factor segment 62.

Once the slope correction has been made, execu-
tion proceeds to block 112, the density correction.
This is the block to which execution would immediately
proceéd if a manual override has been requested in
diamond 90. The operator of color printer system 10 may
visually detect that a roll of film or a particular
negative has an improper amount of color. This may be
due to such things as storing the film outside its
temperature range for a long period of time. When this
is detected, the operator may request appropri&te color
corrections using keyboard 18. ' In block 112, color
printer system 10 will determine if any such requests
have been made, and, if so, make the requested correc-

tions.

At this point all of the appropriate corrections
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have been made to the print time. In block 114, micro-
processor 14 opens dark shutter 38 in lamphouse 50,
activates paddles 32, 34 and 36 as appropriate, closes
dark shutter 38, and activates paper transport 56 which
advances the paper and cuts it. The exposure times are

displayed using display 16.

In color printer control system 10 the following

components have been used for the operaticn and function
as described and shown.

Reference Number Component
14 Z-80
19 z-80 CTC
23 2732
24 6ll6
42 : 4051
44 7109
31 3X74LS374

While particular embodiments of the invention
have been shown and described, this is not to be con-
sidered as necessarily limiting of the invention. It is
understood that numerous changes may be made within the
scope of the invention. For example, system 10 may
control the making of prints from slides and black and
white negatives. Lamphouse 50 may comprise any source
of cvontinuous or noncontinucus light. In addition,
paddles 32, 34, 36 may be, for example, additive or

subtractive.

The following is a listing for the firmware for

EPROM 23. This listing carries ocut the operations set

forth in Figs. 2A-B and 3A-D and is expressed in Z80

assembly language.
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CLAIMS

1. A color printing control system characterised in
that it has signal processing means (14) for automatically per-
forming setups of internal values and for controlling the color
balance and the color density in making color prints from color

negatives, the system comprising :

means (52a, 52b, 52c) for reading the light transmit-

ted by each color negatives (46) ;

means (50, 32, 34, 36, 38) for transmitting light
through each color negative and providing differing color print

times in accordance with print time signals ;

light source (50) and light sensing means (59) coupled
to said signal processing means for reading a normal reference
print and printé made from normal, underexposed and overexposed
reference negatives and producing respective signals each re-

lated to the color densities ;
means (24) for storing said signals ; and

said signal processing means including means (l14) for
comparing said signals from a normal reference print with said
signals from prints actually made by the system using initial
internal values to determine adjusted internal values including
adjusted print time sigﬁals wherby the normal and underexposed
énd overexposed reference negatives produce prints with the

same densities as the reference print.

2. A method for automatically performing setups of
internal values and for controlling the color balance and the
color density in making color prints from color negatives charac-

terised in that it comprises the steps of :

(a) reading the light transmitted by each color
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negative (46) ;

(b) transmitting light through each color negative and
providing differing color print times in accordance with print time
signals ;

(c) reading a normal reference print and prints made
from normal, underexposed and overexposed reference negatives and

producing respective signals each related to the color densities ;
(d) storing said signals ; and

(e) comparing said signals from a normal reference
print with said signals from prints actually made by the system using
initial internal values to determine adjusted internal values inclu-
ding adjusted print time signals whereby the normal and underexposed
and overexposed reference negatives produce prints with the same

densities as the reference print.

3. The method of claim 2 characterised in that step
(a) includes the step of correcting the reading of light transmitted

by a color negative to compensate for ambient light.

4. The system of claim 1 characterised in that it
comprises means for automatically performing setups in which print
time and print time versus density slopes are adjusted and for con-
trolling the color balance and the color density in making color
prints from color negatives independently of the characteristics of

the printing paper, comprising :

signal processing means (14), means (42, 44) coupling
said light sensing head means (59) to said processing means (14) for
comparing the reading of the signal from a reference print with that
of a print made from a normal reference negative for automatically

adjusting the print time and print time versus density slopes.

5. The system of claim 4 characterised in that- said
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processing means (14) includes means (24) for comparing another color
print made from the normal reference negative using the adjusted print
time versus density slopes and automatically readjusting the density

slopes.

6. The system of claim 5 characterised in that said
signal processing means (14) includes means for determining a correc-
tion factor based upon the difference in said signal and multiplying
the correction factor by the reference point print time which deter-
mines the slope to obtain a new value of reference print time and

slope.

7. The method of claim 2, for automatically performing
setups in which print time versus density slopes are adjusted and for
controlling the color balance and the color density in making color
prints from color negatives independently of the characteristics of

printing paper characterised in that it comprises the steps of
(a) reading the light transmitted by a color negative ;

(b) transmitting light through each color negative and
providing differing color print times in accordance with print time

signals ;

(c) making a color print in accordance with the color

negative light reading and with the current value of density slopes ;

(d) reading a color print and producing a signal rela-

ted to the density of each of the primary colors ; and

(e) comparing the reading of the signal from a refe-
rence print with that of a print made from a normal reference nega-

tive for automatically adjusting the print time versus density slopes.

8. The method of claim 7 characterised in that there
is provided a further step of making another color print from the

normal reference negative with the adjusted slopes and iterating
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steps a-e.

9. The method of claim 8 characterised in that steps
a—e are repeated using instead of a normal reference negative an
underexposed and then an overexposed reference negative to obtain
underexposed and overexposed reference point print times which
determine the respective slopes to obtain new values of reference

point print times.

10. The method of claim 7 characterised in that step
(a) includes the step of comparing the reading of light transmitted
by the color negative with predetermined reference readings for
determining whether the color negative was exposed under artificial

light and signaling an operator if the determination is affirmative.

11. The method of claim 7 characterised in that step
(e) includes producing a correction factor based upon the comparison
and storing the correction factor for multiplying the correction

factor by print time signals to correct the print time signals.
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